Abstract. Testicular cancer (TC) is the most common cancer in men between 20-40 years of age. A large number of studies have focused on identifying the cause of this disease; however, the underlying regulatory mechanisms have not been thoroughly investigated and the specific cause remains unclear. The present study systematically analyzed the regulatory associations between genes, transcription factors (TFs) and microRNAs (miRNAs), aiming to obtain key information regarding the regulatory processes of TC. Three different networks were derived from the analysis: Global, related and differentially-expressed. These networks may be able to identify the primary causes of TC through gene analysis, which determines underlying regulatory pathways and subsequently discloses information regarding TC pathology. The differentially-expressed network is considered to be the most important. If the differentially-expressed elements in this network were to be manipulated back to normal levels via human intervention, this may prevent the onset of TC. This may be described as suppressing TC at the genetic level. If the abnormal expression of these elements was to be corrected, then preventing TC at the source may be a feasible option. Thus, the present study compared and analyzed the global, related and differentially-expressed networks, from which important genetic pathways in TC were highlighted. In addition, self-adaptation associations, host genes and target genes were analyzed. The upstream and downstream elements were identified, and TFs were predicted using the P-match method. When combined, the results of the current study provide the basic materials for further research on important genes in TC, and provide guidance on the pathological curative method.
Introduction
Testicular cancer (TC) is a frequently occurring disease among adult males (1). TC develops in the testicles and may include various types of cancer, including germ cell tumors (GCT), sex cord or gonadal stromal tumors, and secondary tumors of the testes (1). Over 95% of TC cases are testicular GCTs (TGCTs) (2) . Although TC has the highest cure rate of all forms of cancer and a 5-year survival rate of >90% (1), TC remains to be the most common cancer in young to middle-aged men (3) .
MicroRNAs (miRNAs/miRs) and transcription factors (TFs) are key regulators of gene expression (4) . TFs are specific proteins that control transcription by regulating gene expression at the transcriptional level, either working alone or with other proteins. TFs function to activate or repress transcription by binding to specific DNA sequences, known as cis-regulatory elements, located in the upstream regions of genes, whilst miRNAs are small, non-coding RNA molecules that affect gene expression at the post-transcription level (4) . miRNAs target genes that are associated with, and are important in, a number of biological processes, including apoptosis, differentiation and proliferation. Studying these target genes (targets) offers an intuitive method to identify the effect of miRNAs at the transcriptional level. Genes that contain miRNAs are known as host genes (hosts). Rodriguez et al (5) reported that miRNAs and host transcripts are transcribed in parallel, and identified two transcription classes of miRNAs, known as intronic and exonic. Baskerville and Bartel (6) demonstrated that there is a close association between host genes and their intronic miRNA, which are often expressed together, forming a specific association that allows them to achieve full biological function and subsequently modify pathways (7) . miRNAs and differentially-expressed genes involved in TC have been investigated for >10 years in this century. However, studies at the gene level are currently only based on a single aspect, either genes or miRNAs. As a result, identifying the genes of interest in the pathogenesis of TC is challenging. The present study aimed to take a more global perspective, determining the underlying networks of miRNAs, TFs, targets and hosts to analyze the basic gene pathogenesis. The results identified three types of association: miRNAs target genes, and TFs regulate miRNAs and miRNA host genes. The global network is necessary for research, but cannot be YANSONG ZHAO   1,2 , ZHIWEN XU 1,2* , NING WANG 1,2 and SHANG WANG used easily to extract the key regulatory elements; therefore, differentially-expressed and related networks were also determined. The latter two networks were used specifically to extract key pathways sustained by differentially-expressed elements. To compare the similarities and differences between these pathways, the current study identified key elements at the gene level of TC regulation. The results of the present study reveal the regulatory associations of TC and are important in further aiding the research in this field. If mutated factors can be regulated and maintained within normal ranges, the development of TC may be prevented. Thirdly, human TC host genes were extracted from miRBase (9) and the NCBI database, and each host gene was assigned an official symbol and identification code.
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Materials and methods
Material
Fourthly, the differentially-expressed genes obtained in the present study were extracted from Cancer Genetics Web (http://www.cancerindex.org/geneweb/), NCBI, and relative literatures and papers. The differentially-expressed elements that were extracted included abnormally expressed proteins, genetic mutations, single nucleotide polymorphisms, and upregulated, downregulated, overexpressed and variable genes. The current study extracted TC-related genes from the GeneCards database (10) and relevant literature. TC-related genes affect the growth and migration of tumors, in addition to the efficacy of radial therapy and the clinical outcome of TC (11) . Furthermore, popular TFs were obtained using the P-match method (12) . All results were combined to produce a list of the TC relative genes. The present study only focused on the TFs obtained using TransmiR. The 1000-nucleotide (nt) promoter region sequences of the targets of differentially-expressed genes were downloaded from the University of California, Santa Cruz database (13) . The P-match method was used in combination with weight matrix and pattern matching approaches to identify transcription factor binding sites (TFBSs) in the 1000-nt promoter region sequences, and the TFBSs were subsequently mapped onto the promoter regions of targets. The P-match matrix library (http://www.gene-regulation.com/cgi-bin/pub/programs/ pmatch/bin/p-match.cgi), along with information collected from TRANSFAC ® (http://www.gene-regulation.com/ pub/databases.html), contained sets of known TFBSs, and were used to search for a large number of different TFBSs. The vertebrate matrix and restricted high quality criterion of the matrix were used in particular for the search.
Finally, differentially-expressed miRNAs were extracted from miR2Disease (14) and relevant literatures. miR2Disease is a database that records miRNAs that are differentially-expressed in a number of human diseases. Novel experimental data was also obtained manually from recent studies and science citation index papers (http://apps.webofknowledge.com) regarding TC differentially-expressed miRNAs, using the key words 'seminoma', 'testicular germ cell tumor' and 'testicular cancer'.
Network construction. Data was organized into tables and subsequently used to form a graph. The TC-related factors, including TFs, genes and miRNAs, form the nodes, and the lines placed between these nodes signify the form of association between each element. As a result, the associations between elements form regulatory networks.
Three types of TC regulatory networks were formed, including the i) differentially-expressed network, ii) related network and iii) global network. Regulatory associations were extracted for TFs, miRNAs, and target and host genes from the dataset collected by the present study. This formed the global regulatory network, which combined all associations. Differentially-expressed elements were determined using the aforementioned fourth and final steps, and the associations between them, which were obtained from the global network, were selected to derive the differentially-expressed network. The related network was formed in a similar way.
Results
Differentially-expressed network of TC. Fig. 1 presents the regulatory associations of all differentially-expressed elements in TC. It is composed of TFs, miRNAs, and targets and hosts of miRNAs. This network was key for the latter half of the present study. The nodes in the network impact others directly or indirectly, and when combined, the associations reveal the primary cause of TC. If the genes and miRNAs are not differentially-expressed as presented in the network, then that individual is not expected to develop TC. Thus, TC may be prevented through the suppression of these differentially-expressed elements.
Similar to the host genes, all nodes are differentially-expressed in TC. The network contains three TFs: Tumor protein 53 (TP53), SMAD family member 4 (SMAD4) and phosphatase and tensin homolog (PTEN). The most significant pathways contain these three TFs. As presented in Fig. 1 , TP53 and PTEN are together targeted by hsa-miR-222. TP53 is a common, mutated TF, which is differentially-expressed in various types of cancer (15) , and the present study identified that it regulates hsa-miR-200c and hsa-miR-145 (Fig. 1) . SMAD4 is a novel transcription factor, which is mutated in seminomatous GCTs (16) , and the current study determined that it regulates hsa-miR-145 together with TP53. PTEN is an important junction of the network (17) . PTEN and hsa-miR-21 form a self-adaptation association, forming the only circuit in the whole network (Fig. 1) . The combined action of the nodes in the differentially-expressed network partially exposes the regulatory mechanisms of TC. The network indicates that it may be possible to artificially regulate differentially-expressed elements back to normal levels as a method to prevent or cure TC.
Related network of TC. Fig. 2 presents the mass regulatory associations between genes and miRNAs in TC. The related network includes the related elements collected by the present study, in addition to predicted data. It is evident that the related network includes the differentially-expressed network. The related network of TC includes 18 TFs, 26 miRNAs and a number of targets. Fig. 2 presents certain integral, regulatory associations beyond the differentially-expressed network with a few additional pathways. The miRNA, hsa-miR-21, is regulated by 7 TFs and forms 3 self-adaptation associations. The TF, SMAD4, is targeted by hsa-miR-146a and regulates only 1 miRNA, hsa-miR-145. Other TF associations may also be identified within the related network, including TGFB1, which regulates 3 miRNAs, but is not targeted by other miRNAs, and ESR1, which regulates hsa-miR-21 and forms 2 self-adaptation associations with hsa-miR-221 and hsa-miR-222. The related network expands the additional topological associations to the pathogenesis of TC, and includes elements that are not differentially-expressed.
Global network of TC. The global network presents a greater number of comprehensive, regulatory associations compared with the differentially-expressed and related networks. The global network involves the whole experimentally validated network of the human body, and incorporates the related and differentially-expressed networks. All regulation elements and associations are common regulation situations that are present not only in TC, but in other diseases.
Host genes and miRNAs in TC.
Host genes are not differentially-expressed in cancer, but are considered to be differentially-expressed if their miRNAs are. For example, la ribonucleoprotein domain family, member 7 hosts two differentially-expressed miRNAs, hsa-miR-367 and hsa-miR-302, which are each regulated by POU class 5 homeobox 1 (POU5F1). POU5F1 is targeted by hsa-miR-145, which is differentially-expressed, suggesting that the host genes may be useful in the regulatory pathway. Certain host genes contain a number of miRNAs that target genes or are regulated by other important TFs. The host genes and their differentially-expressed miRNAs may aid the understanding of TC pathogenesis.
Regulatory pathways of differentially-expressed genes.
Differentially-expressed genes are presented in the differentially-expressed network. These genes directly regulate various differentially-expressed miRNAs, and therefore may be considered, to a certain extent, as a source of differential expression. Adjusting the differentially-expressed TFs to their normal condition may be a possible method for altering the genes associated with TC, via miRNAs, which would be affected the at the same time.
In order to clearly describe the features of the TC networks, the up-and downstream information of genes or miRNAs was extracted and presented in tables. Table I lists the successors and precursors of PTEN as determined by the related, differentially-expressed and global networks. PTEN is differentially-expressed itself and associated with other differentially-expressed genes or miRNAs in the network. PTEN and hsa-miR-21 form a self-adaptation association, thus affecting other genes as a unit. There are two miRNAs downstream of PTEN in the related network, which are each differentially-expressed. The expression of PTEN may be controlled as a source to adjust the differentially-expressed miRNAs that are regulated by PTEN. By controlling the expression of specific genes in the network, the abnormal expression of other elements may also be controlled, resulting in TC prevention.
Regulatory pathways of differentially-expressed miRNAs.
Differentially-expressed miRNAs are important in the transcription network due to their association with other associated genetic elements, and therefore warrant further investigation. Theoretically, differentially-expressed miRNAs may be artificially regulated indirectly through regulating or targeting associations. Therefore, the present study extracted, compared and analyzed these miRNAs using the same method applied to analyze the differentially-expressed genes.
hsa-miR-21 is presented as an example in Table II . The data indicated that hsa-miR-21 is important in the transcription network. hsa-miR-21 is regulated by 7 genes, which are all TFs, and targets 7 genes, which include three TFs [epidermal growth factor receptor (EGFR), E2F transcription factor 1 (E2F1) and PTEN]. PTEN and hsa-miR-21 form an important self-adaptation association, which was discussed previously in the current study. Similarly, 2 self-adaptation associations were identified in the related network formed by the miRNA, hsa-miR-21, and 2 related TFs, EGFR and nuclear factor of κ light polypeptide gene enhancer in B-cells 1 (NFKB1). hsa-miR-21 also indirectly affects other miRNAs, including hsa-miR-141, hsa-miR-106b and hsa-miR-222, by targeting the TFs that regulate these miRNAs.
As a further example, it was identified that hsa-miR-222 targets 2 TFs (PTEN and TP53), but is not regulated by any TFs in the differentially-expressed network. Two self-adaptation associations are derived in the regulated network by importing related elements. hsa-miR-222 and hsa-miR-21 have all three kinds of predecessors (upstream) and three types of successors (downstream) adjacent nodes. Other miRNAs belonging to this class include hsa-miR-96 and hsa-miR-141. These miRNAs are considered as the first class of miRNAs, as they have 6 adjacent nodes (3 successors and 3 predecessors) in the whole network.
Similarly to hsa-miR-302 and hsa-miR-145, other classes of miRNAs also have 5 adjacent nodes (2 successors and 3 predecessors). These miRNAs are considered the second class of miRNAs. The third class of miRNAs has 4 adjacent nodes (1 successor and 3 predecessors), and includes hsa-miR-367, hsa-miR200c and certain single miRNAs adjacent to the major nodes in the differentially-expressed network, such as hsa-miR-187 and hsa-miR-371. This information was derived through comparisons of Figs. 1 and 2.
Regulatory pathways of popular TFs. The P-match method was used to predict popular TFs in TC, in addition to the identification of additional pathways that may be involved in the process of differential expression. Fig. 3 presents the highlighted regulatory pathways, composed of miRNAs and popular TFs, which were derived from the related network. The related network primarily underlines important regulatory relationships beyond the differentially-expressed network.related network (Fig. 2) , and involve the following TFs: PTEN, E2F1, E2F3, EGFR, ETS1, ESR1 and NFKB1, demonstrating that these TFs and miRNAs regulate one another.
The associations of NFKB1, a TF, were predicted using the P-match method, for which the up-and downstream information is presented in Table III . NFKB1 is involved in 3 self-adaptation associations in the related network, which includes hsa-miR-21, hsa-miR-146a and hsa-miR-9. Firstly, hsa-miR-21 is differentially-expressed. Secondly, whilst hsa-miR-146a is not differentially-expressed, it targets a differentially-expressed TF (SMAD4) and was therefore included as a self-adaptation association in the network. The global network includes more than just information on TC, therefore the global differences in the upstream and downstream elements can be disregarded. The upstream and downstream elements of NFKB1 are therefore the same regardless of the global network. This indicates that NFKB1 is a self-adapting TF in the TC regulatory pathway.
Certain TFs regulate other genetic elements but are never targeted by miRNAs such as TGFB1, which regulates Table III . Upstream and downstream miRNAs of the NFKB1 transcription factor in testicular cancer.
Differentially-expressed Location
Global network Related network network
NFKB1
Upstream hsa-let-7a, hsa-miR-9, hsa-miR-9, hsa-miR-146a, hsa-miR-146a, hsa-miR-21 hsa-miR-146a, hsa-miR-146a, hsa-miR-21 hsa-miR-15a, hsa-miR-21, hsa-miR-9, hsa-miR-146b-5p Downstream hsa-let-7a-3, hsa-let-7b, hsa-miR-9, hsa-miR-146a, hsa-miR-146a, hsa-miR-21 hsa-miR-10b, hsa-miR-125b, hsa-miR-21 hsa-miR-146a, hsa-miR-155, hsa-miR-16, hsa-miR-17, hsa-miR-199a-2, hsa-miR-21, hsa-miR-214, hsa-miR-224, hsa-miR-29a, hsa-miR-29b, hsa-miR-29c, hsa-miR-34a, hsa-miR-365, hsa-miR-448, hsa-miR-9 NFKB1, nuclear factor of κ light polypeptide gene enhancer in B-cells 1; miR, microRNA. 3 miRNAs, including 2 differentially-expressed miRNAs (hsa-miR-141 and hsa-miR-200c). This indicates that TGFB1 may be located at the bottom level of the regulatory pathway. As an additonal example, POU5F1 is a gene that not differentially-expressed; however, all of the adjacent, interacting nodes of POU5F1 are differentially-expressed. Compared with the differentially-expressed network, the regulatory pathway links separated nodes together. The associated nodes further improve the regulatory pathway and the combined action of each node shows the regulatory progress and reveals pathology of TC.
Discussion
The present study derived three topological, regulatory networks composed of elements associated with TC. The key features of each pathway were discussed in detail, and regulatory pathways were highlighted, which included important elements involved in the regulatory process. Precursors and successors were listed for the major elements identified in the networks, and self-adaptation associations were identified. Furthermore, any particular nodes that warranted further research were indicated, and any predictions made using the P-match method may provide additional aspects of research.
Differentially-expressed elements and the associations between them are of particular importance, as it is suspected that these elements may be the primary cause of TC. If the relevant genes are differentially-expressed as described in the network, then it is expected that TC may develop. If these elements are able to be regulated back within normal ranges, then this may prevent the occurrence of TC.
The current study identified a number of key pathways involving differentially-expressed elements, which included three or more of these elements. For example, TP53 associates with 3 differentially-expressed miRNAs, regulating two of these (hsa-miR-200c and hsa-miR-145) and being targeted by one (hsa-miR-222). These pathways are critical in TC pathogenesis and illustrate a topological network of TC development. Certain pathways have not only been identified in TC, but also in other types of cancer. For example, the association whereby hsa-miR-21 targets PTEN also affects lung squamous cell carcinoma (18) . Therefore, these associations between genes may be extended from one form of cancer to another.
In conclusion, the present study used the P-match method to predict TFs involved in TC pathogenesis, which suggested that potential associations may exist between differentially-expressed miRNAs and TFs. It is proposed that these differentially-expressed elements may be manipulated to achieve normal expression levels, subsequently preventing the development of TC. However, these associations remain to be experimentally validated in future studies, with the aim of eventually improving the prognosis, diagnosis and treatment of TC.
